Hepatic arteriovenous malformation (AVM) is a rare developmental vascular disorder characterized by direct arterial connection to a fistulous venous drainage system within the liver. The condition results in a high-flow, low-resistance shunt that can cause high-output cardiac failure and hydrops. Prenatal diagnosis is possible when sonography detects multiple engorged vascular channels in the fetal liver. Current treatment options include postnatal obliteration of the arterial feeder vessels by surgical ligation or percutaneous transcatheter embolization with detachable coils. The authors present a case of a prenatally diagnosed hepatic AVM complicated by fetal distress, high-output cardiac failure, and consumptive coagulopathy that had recanalization of feeder vessels noted two weeks after initial successful coil placement.
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Case Presentation
The two categories of congenital vascular anomalies of the liver are proliferating tumors, such as hemangiomas, and developmental vascular disorders, such as arteriovenous malformations (AVMs). 1 Sonographically, AVMs characteristically appear as echopenic dilated vascular channels replacing liver parenchyma with high-flow Doppler characteristics that lack arterial pulsation. Proliferating liver tumors have a more solid homogeneous or slightly heterogeneous appearance and will have a slightly lower echogenicity than the surrounding hepatic tissue. 2 Although both conditions can result in massive low-resistance shunting, resulting in high-output cardiac failure, it is more common in AVMs and more likely postnatally. [2] [3] [4] Unlike proliferating tumors, AVMs are mostly present at birth and rarely spontane-ously regress. Invasive treatment in utero is not available at this time for either condition. Postnatal treatment of hepatic AVMs consists of obliteration of the feeder vessels with surgical ligation or percutaneous transcatheter coil embolization. 3 We report a case of hepatic AVM detected in a hemodynamically compromised fetus treated with postnatal transcatheter coil occlusion of multiple feeder vessels. The AVM eventually recanalized, resulting in progressive congestive heart failure and death.
Case Report
A gravida 4 2-0-1-2 woman in her early 40s was referred to our facility at 34 weeks' gestation with abnormal prenatal sonogram findings. At our institution, a sonogram examination with a state-of-the-art scanner (ATL HDI 3000, ATL, Belleview, Wash) revealed a single fetus in the breech presentation with an estimated fetal weight of 3021 g and an amniotic fluid index of 29.8 cm. The fetal heart was markedly enlarged, and a large collection of vessels was seen in the upper fetal abdomen. These findings were consistent with AVM ( Fig. 1) . No other anomalies were noted, and the patient was admitted to the hospital for fetal monitoring. Fetal distress was diagnosed, and the patient underwent an emergency repeat cesarean delivery, obtaining a 2648-g infant with Apgars 1 and 7 at one minute and five minutes, respectively. After delivery, the baby was intubated, and an abdominal sonogram confirmed an AVM in the left lobe at the liver (Fig.  2) . Shortly after birth, the baby became hydropic and developed a consumptive coagulopathy requiring both fresh-frozen plasma and platelet transfu- sions. Echocardiography revealed dilated cardiomyopathy, obstructive hypertrophic cardiomyopathy, and right ventricular hypertension. On the baby's third day of life, it underwent cardiac catheterization and an aortogram. The angiography revealed abnormal continuous flow in the abdomen consistent with probable hepatic AVM. There was a dilated descending thoracoabdominal aorta, with a very dilated celiac trunk that gave rise to a very dilated hepatic artery. This hepatic artery was feeding several smaller vessels in the left lobe of the liver, resulting in multiple arteriovenous fistulae intraparenchymally in the left lobe. Dilated venous channels provided drainage from the AVM toward the inferior vena cava and right atrium. In addition, both the right and left internal mammary arteries were noted to be feeding the AVM. Selective occlusion of the main feeding vessels with Gianturco coils (Cook Cardiology, Bloomington, Ind) was achieved, and a repeat angiogram demonstrated excellent position of the coil, but another feeding vessel in the parenchyma of the right hepatic lobe was also occluded with coils. Repeat injection demonstrated complete occlusion of the large feeding vessel but with continued small intraparenchymal collateral flow from the right hepatic lobe. The left and right internal mammary arteries were also occluded with coils. A repeat aortogram was performed after all vessels had been occluded and demonstrated marked reduced flow to the celiac trunk. It was felt that the major feeding vessels had been eliminated by coil placement and that congestive heart failure would resolve. The baby's heart failure continued to worsen despite medical support. A follow-up sonogram two weeks later showed that the large AVM had recanalized and increased in size (Fig. 3) . The baby became progressively more edematous and jaundiced and died awaiting a liver transplant.
Discussion
Congenital hepatic AVMs occur in less than 1:100,000 live births, and large lesions with multiple feeder vessels characteristically are associated with poor perinatal outcomes. 5 This disorder can be identified in utero sonographically with a combination of gray-scale and color Doppler imaging. Anatomically, hepatic AVMs are simply direct arterial-to-venous connections that bypass the normal tissue perfusion capillaries. Not infrequently, multiple arterial feeder vessels drain into the AVM. 6 Because systemic blood pressure is higher on the arterial side, there is a progressive dilation of the venous drainage, resulting in the characteristic sonographic findings of echopenic dilated vascular channels within the liver. As more blood is shunted through this low-resistance, high-flow outlet, fetal cardiac output must rise concomitantly to meet the increasing and competing demands of fetal growth and the AVM "steal." This process can result in high-output heart failure, hydrops and even a microangiopathic hemolytic anemia, thrombocytopenia, and consumptive coagulopathy known as the Kasabach-Merritt sequence. 7 At birth, when the systemic vascular resistance rises, more blood flows to and through the AVM low-resistance shunt, frequently worsening the clinical condition. 3 Occlusion of the arterial feeder vessels by surgical ligation or percutaneous transcatheter embolization may be required. 3, 8 Prenatal diagnosis allows for referral and delivery at a tertiary center with invasive interventional radiology and pediatric surgery services. Ideally, the baby should be delivered at term. When our case was diagnosed in utero, polyhydramnios, fetal cardiomegaly, and fetal distress were already present, suggesting significant hemodynamic compromise. As is not uncommon, our baby had multiple arterial feeder vessels, which resulted in technically difficult embolizations with detachable coils. Even though the feeder vessels appeared occluded at the time of coil placement, a follow-up sonogram two weeks later revealed revascularization and progressive heart failure. The percutaneous transcatheter method of closure is inexpensive, safe, and as effective as surgical ligation in the treatment of AVMs in most cases that require treatment. 3 Coil embolization, however, appears to be most effective in treating AVMs with a single feeder arterial vessel. Our case was more complicated because of the multiple feeder vessels, prematurity, and the unstable clinical condition of the baby at birth. It was felt that the least invasive procedure that could effectively obliterate the abnormal vessels would be the safest and most prudent approach with the highest chance of success. Because recanalization of neonatal congenital isolated hepatic AVMs after successful coil embolization had not been previously reported, the finding of worsening congestive heart failure and an increase in the size of the AVM were unexpected.
This case discusses the pathophysiology of hepatic AVMs and illustrates the typical sonographic findings. In babies who have worsening congestive heart failure after successful coil embolization for the treatment of hepatic AVMs, recanalization of the AVM should be considered and follow-up sonographic hepatic imaging obtained.
